Four sensitive and selective stability-indicating methods for the determination of bupropion hydrochloride in the presence of its alkaline degradates, related impurity, 3-chlorobenzoic acid, and in its pharmaceutical formulation were developed. Method A is an isocratic reversed phase HPLC, good separation between bupropion hydrochloride, its alkaline degradates and related impurity was achieved using a mobile phase of 1.2% w/v ammonium dihydrogen phosphate pH 4.5 and acetonitrile (80:20, v/v) and detection at 210 nm. Method B is based on the first derivative (D 1 ) measurement of the drug at 259 nm, zero contribution point of its alkaline degradates and related impurity. Method C is based on the resolution of the drug, its alkaline degradates and related impurity by first derivative ratio spectra (DD 1 ). Method D is based on the determination of bupropion hydrochloride and its impurity by the Q value method at 248 nm, 227 nm and at isoabsorptive point 237 nm. These methods are successfully applied for the determination of bupropion hydrochloride in bulk powder, pharmaceutical formulation and in the presence of its alkaline degradates and related impurity. The results obtained are statistically analyzed and there are no
Introduction
Bupropion hydrochloride (Bup-HCl) is described chemically as shown in Fig. 1 as (±)-2-(tert-butyl amino)-1-(3-chlorophenyl) propan-1-one. 1 The drug is an antidepressant that acts as norepinephrine, dopamine reuptake inhibitor and nicotine antagonist. Bupropion hydrochloride is used also for depression, smoking cessation, obesity and attention deficit hyperactivity disorder. 2 Various methods were reported for the determination of Bup-HCl including spectrophotometry, [3] [4] [5] potentiometry, 3 conductometry, 3 titrimetry, 5 and polarography. 6 HPLC methods were used for the determination of Bup-HCl. [7] [8] [9] HPLC tandem mass spectrometry also was used for the identification and determination of the drug in human plasma, whole blood and urinary metabolites. [10] [11] [12] [13] [14] [15] [16] [17] [18] Electro kinetic chromatography was used for separation of bupropion enantiomers 19 and their enantiomeric determination in human plasma using coupled achiral-chiral liquid chromatography. 20 A validated thin-layer and gas chromatography were used for the determination of Bup-HCl in its pharmaceutical formulation. 21, 22 A literature survey reveals that there is no stability indicating HPLC or spectrophotometric methods were published for the drug. The novelty of this work is to establish stability indicating HPLC and spectrophotometric methods for the determination of Bup-HCl in the presence of both its alkaline degradates and its related impurity, 3-chlorobenzoic acid with identification of the degradates.
3-Chlorobenzoic acid is one of the Bup-HCl metabolites and is physiologically inactive 23, 24 and is stated officially as related impurity in the raw material and pharmaceutical formulation. 25 The proposed methods are simple, rapid, accurate, reproducible and economical besides the HPLC method is less time consuming than the official USP one. 25 An accurately weighed 100 mg of Bup-HCl was dissolved in 10 ml methanol and transferred into 250 mL stopper conical flask, 100 mL 5 M aqueous sodium hydroxide solution was added and refluxed for 12 h. The solution was cooled at room temperature then neutralized with 5 M hydrochloric acid, filtered and evaporated to residue, weighed and diluted to 50 mL with methanol and filtered if necessary. The solution was tested for complete degradation by TLC using isopropanol-toluene-dichloromethane-acetic acid (5:5:5:0.5, by volume) as a developing system, no spot was observed at R f 0.25 corresponding for intact Bup-HCl. Only 2 spots were observed, one at R f 0.85 corresponding to 3-chlorobenzoic acid and the other remain at the starting line. The stock solution of the degradates was prepared in methanol 1 mg mL À1 . The structure of the degradates was elucidated using mass spectroscopy.
Experimental

Instrumentation
Preparation of acid degradates.
Acid degradates were prepared as mentioned above using 5 M hydrochloric acid and neutralized with 5 M sodium hydroxide. The material was tested for complete degradation as mentioned above.
2.2.3.3. Preparation of oxidative degradates. Using 10 mg Bup-HCl and 1 mL hydrogen peroxide 30%, the solution was diluted with 25 mL water and refluxed for 1 h. The material was tested for complete degradation as above and confirmed by comparing it with 3-chlorobenzoic acid using HPLC method.
Preparation of photodegradates.
An amount of 100 mg of Bup-HCl was dissolved in 100 mL methanol and subjected to UV light source for 6 h.
The proposed alkaline, acidic, oxidative and photolytic degradates were tested for complete degradation using HPLC method.
Chemicals and reagents
All reagents and chemicals used were of analytical grade, and the solvents were of HPLC and spectroscopic grade.
3-Chlorobenzoic acid 99% Aldrich, related impurity of
Bup-HCl in USP. 25 2. Acetonitrile and methanol of HPLC grade (SDFCL). 3. Dichloromethane, isopropanol (Fisher Scientific), hydrogen peroxide 30% (Merck), orthophosphoric acid, toluene, glacial acetic acid, sodium hydroxide, ammonium acetate (Adwic), hydrochloric acid (Riedel-de Ha¨en) and ammonium dihydrogen phosphate (WINLAB). 4. The water for HPLC was prepared by double glass distillation and filtration through a 0.45 lm membrane filter.
Chromatographic conditions
Analysis was carried out on Agilent 1200 series instrument. However, for convenience, the elution was monitored at 210 nm. Separation was achieved by using ODS column (Eclipse XDB 150 mm · 4.6 mm, 5 lm) with mobile phase of (80:20, v/v) mixture of 1.2% w/v ammonium dihydrogen phosphate pH 4.5 adjusted with orthophosphoric acid if necessary and acetonitrile. The mobile phase was filtered using 0.45 lm disposable filter (Millipore, Milford, MA) and degassed by ultrasonic vibrations prior to use. The flow rate of the mobile phase was 1.5 mL min À1 . Twenty microliters of sample solution is injected each time.
Standard solutions
Stock standard solutions of Bup-HCl, its alkaline degradates and related impurity, 3-chlorobenzoic acid, 1 mg mL À1 prepared in methanol (for HPLC, D 1 , DD 1 and Q value).
Working standard solutions of Bup-HCl, its alkaline degradates and related impurity 200 lg mL À1 prepared in methanol (for HPLC) and 50 lg mL À1 in methanol (for D 1 , DD 1 , and Q value).
Laboratory prepared mixtures
Aliquots of Bup-HCl were accurately transferred into a series of 10-mL volumetric flasks, to these flasks separate volumes of the solution of alkaline degradates or related impurity are added to prepare different mixtures containing 10-90% of the alkaline degradates and related impurity and the volume of each flask was completed with the same solvent used in the proposed methods. completed to the mark with methanol. Triplicate 20 lL injections were made for each concentration and chromatographed under the condition described above. The calibration curve was constructed and the regression equation was computed.
D 1 method
Aliquots of Bup-HCl working standard solution (50 lg mL À1 in methanol) equivalent to 20-250 lg were accurately transferred into a series of 10-mL volumetric flasks, the volume was completed to the mark with methanol. The values of D 1 amplitude using methanol as a blank were measured at 259 nm. The calibration curve was constructed and the regression equation was computed.
DD 1 method
Aliquots of Bup-HCl working standard solution (50 lg mL À1 in methanol) equivalent to 20-250 lg were accurately transferred into a series of 10-mL volumetric flasks, the volume was completed to the mark with methanol. Spectrum of working standard solution of Bup-HCl was divided by either the spectrum of 10 lg mL À1 alkaline degradates or 5 lg mL À1 in methanol related impurity. The DD 1 values were calculated for the obtained spectra with Dk = 4 and a scaling factor = 10. The amplitudes at 240 and 244.8 nm were measured for the drug in the presence of alkaline degradates and related impurity, respectively. The calibration curve was constructed and the regression equation was computed.
Q value method
Aliquots of Bup-HCl and 3-chlorobenzoic acid working standard solutions (50 lg mL À1 in methanol) equivalent to 40-160 lg were accurately transferred into a series of 10-mL volumetric flasks, the volume was completed to the mark with methanol. This method is based on measuring the absorbance at 237 nm of isoabsorptive point, at 248 and 227 nm corresponding to the maxima for Bup-HCl and its related impurity. Their absorptivity values at the selected wavelengths were calculated.
Pharmaceutical formulation analysis
Ten tablets of Wellbutrin Ò SR tablets were accurately weighed and finely powdered. A portion of the powder equivalent to 100 mg of Bup-HCl was accurately weighed, dissolved in 70 mL of methanol with the aid of ultrasound for 30 min. A sufficient quantity of methanol was added to produce 100 mL. The solution was centrifuged for 1 h at 3500 rpm and then filtered; the final concentration was 1 mg mL À1 . Further dilutions of the sample solution were carried out with methanol to prepare the working standard solution. The general procedures for HPLC, D 1 , DD 1 and Q value methods described under construction calibration were followed and the concentration of Bup-HCl was calculated.
Results and discussion
The International Conference of Harmonization (ICH) guideline entitled ''stability testing of new drugs substances and products'' requires the stress testing to be carried out to elucidate the inherent stability characteristics of the active substance. 26 An ideal stability indicating method is one that quantifies the standard drug alone and also resolves its degradation products and related impurity.
Bupropion hydrochloride was subjected to alkali, acid hydrolysis, oxidation and UV light. Refluxing Bup-HCl with 5 M sodium hydroxide, complete degradation results in formation of 3 degradates confirmed and separated by HPLC at retention time 2.9, 5.3 and 5.8 min. for 1-(3-chlorophenyl)-1hydroxy-2-propanone, 1-(3-chlorophenyl)-1,2-propanedione which undergoes benzil-benzilic acid rearrangement in alkaline medium to form 2-hydroxy-2-methyl-2-(3-chlorophenyl) acetic acid and the third one was 3-chlorobenzoic acid, respectively, while no peak at retention time 6.9 min was observed corresponding of Bup-HCl ( Figs. 1 and 2) .
Upon refluxing Bup-HCl with 5 M HCl for 24 h, incomplete degradation results, and formation of 1-(3-chlorophenyl)-1-hydroxy-2-propanone and 3-chlorobenzoic acid. Reflux with hydrogen peroxide for 1 hour, incomplete degradation of Bup-HCl and formation of 3-chlorobenzoic acid. Exposure of the methanolic solution of Bup-HCl to photo degradation UV lamp for 6 hours, the drug remains stable.
This was confirmed by mass spectrometry (Fig. 3) showing mass ion peak m/z at 184, 199 and 156 for the degradates: 1-(3-chlorophenyl)-1-hydroxy-2-propanone, 2-hydroxy-2methyl-2-(3-chlorophenyl) acetic acid and 3-chlorobenzoic acid. The latter is stated officially as related impurity was also found as one of the degradation products.
(a) HPLC method Several trials were carried out to obtain a good resolution between the drug and its alkaline degradates or impurity. These trials involved the use of different mobile phases with different ratios, different pH and flow rates. The best resolution with sharp and symmetric peaks were obtained upon using 1.2% ammonium dihydrogen phosphate pH 4.5 and acetonitrile (80:20, v/v), and a flow rate of 1.5 mL min À1 . The retention time for Bup-HCl was found to be 6.9 ± 0.2 min. The same mobile phase with pH 6 delayed the retention time of the drug to 14 min.
System suitability of the procedure is shown in Table 1 . Characteristic parameters for regression equation of HPLC method and correlation coefficient obtained by least squares treatment of the results were given in Table 2 . The regression equation was computed and found to be:
where Y is the peak area, C is the concentration of Bup-HCl in lg mL À1 and r is the correlation coefficient.
(b) Spectrophotometric methods (1) D 1 method
The zero-order absorption spectra of Bup-HCl, alkaline degradates and 3-chlorobenzoic acid showed severe overlapping which interfere with the direct determination of Bup-HCl (Fig. 4) . Derivative spectrophotometry is an analytical technique of great utility for extracting both qualitative and quantitative information from spectra composed of unresolved bands, and for eliminating the effect of baseline shift. 27 A rapid, simple, and low cost spectrophotometric method based on measuring the peak amplitude of D 1 spectrum of Bup-HCl at 259 nm (corresponding to zero-contribution of the degradates and related impurity) was developed with good selectivity without interference of alkaline degradates and related impurity. In order to optimize D 1 method, different solvents, smoothing and scaling factors were tested, methanol is the best solvent, a smoothing factor Dk = 4 and a scaling Figure 4 Zero order absorption spectra of bupropion hydrochloride 10 lg mL À1 in methanol (____), its alkaline degradates 10 lg mL À1 in methanol (_ _ _ _) and 3-chlorobenzoic acid 10 lg mL À1 in methanol (...........).
Figure 5
First derivative absorbance of bupropion hydrochloride 10 lg mL À1 in methanol showing the selected wavelength at 259 nm (____), its alkaline degradates 10 lg mL À1 in methanol (_ _ _ _) and 3-chlorobenzoic acid 10 lg mL À1 in methanol (..........). factor = 10. Fig. 5 shows a suitable signal to noise ratio and the spectra show good resolution. A linear correlation was obtained between peak amplitude at 259 nm and the corresponding concentration in the range of 2-25 lg mL À1 , from which the linear regression equation was computed and found to be:
where Y is the peak amplitude at 259 nm, C is the concentration of Bup-HCl in lg mL À1 and r is the correlation coefficient.
(2) DD 1 method In order to improve the selectivity of the analysis of Bup-HCL in the presence of its alkaline degradates or related impurity, DD 1 spectrophotometric method was established. The main advantage of the method is that the whole spectrum of interfering substance is canceled. Accordingly, the choice of the wavelength selected for calibration is not critical as in first derivative D 1 method. In order to optimize DD 1 method, several divisor concentrations of the alkaline degradates and related impurity were used and different smoothing and scaling factors were tested. The best result was obtained when using 10 and 5 lg mL À1 as a divisor for alkaline degradates and related impurity at 240 and 244.8 nm, respectively, using Dk = 4 and scaling factor = 10 as shown in Figs. 6 and 7. Beer's law was obeyed in concentration range 2-25 lg mL À1 , from which the linear regression equation was computed as shown in Table2. where Y 1 and Y 2 are the peak amplitudes at 240 and 244.8 nm, C is the concentration of Bup-HCl in lg mL À1 and r is the correlation coefficient. Figure 6 First derivative of ratio spectra of bupropion hydrochloride 2-25 lg mL À1 with the divisor of alkaline degradates 10 lg mL À1 in methanol showing the selected wavelength at 240 nm.
Figure 7
First derivative of ratio spectra of bupropion hydrochloride 2-25 lg mL À1 with the divisor of impurity 5 lg mL À1 in methanol showing the selected wavelength at 244.8 nm.
(3) Q value method The absorbance ratio method is a modification of the simultaneous equations. Q analysis is based on the relationship between absorbance ratio value of binary mixture and relative concentrations of such a mixture. 28 This method was used for the determination of Bup-HCl and its related impurity in the presence of each other. From the overlain spectrum of Bup-HCl and its impurity, three wavelengths were selected, 248 nm, the maximum of the drug, 237 nm, the isoabsorptive point for both Bup-HCl and its impurity, and 227 nm corresponding to related impurity 3-chlorobenzoic acid (Fig. 4) . The method employs Q values and the concentration of Bup-HCl was determined by using the following formula:
Q 0 ¼ Absorbance of sample at 248 nm Absorbance of sample at 237 nm Q 1 ¼ Absorptivity of drug at its maximum 248 nm Absorptivity of drug at isoabsorptive point 237 nm
Absorptivity of impurity at its maximum 248 nm Absorptivity of impurity at isoabsorptive point 237 nm A ¼ Absorbance of mixture at isoabsorptive point a 1 ¼ Absorptivity of cited drug at isoabsorptive point And the concentration of related impurity was determined by using the following formula:
Absorbance of sample at 227 nm Absorbance of sample at 237 nm Q 3 ¼ Absorptivity of impurity at its maximum 227 nm Absorptivity of impurity at isoabsorptive point 237 nm
Absorptivity of drug at its maximum of impurity 227 nm Absorptivity of drug at isoabsorptive point 237 nm B ¼ Absorbance of mixture at isoabsorptive point b 1 ¼ Absorptivity of impurity at isoabsorptive point Linearity was obeyed in concentration range 4-16 lg mL À1 , from which the linear regression equation was computed as shown in Table 2 .
where Y 1 and Y 2 are the Q 0 and Q 0 0 values of Bup-HCl and its related impurity, respectively, C 1 and C 2 are the concentrations of Bup-HCl and its related impurity in lg mL À1 and r is the correlation coefficient. The Q method was highly selective towards the cited drug and its impurity and determines the cited drug in the presence of 20-80% of its impurity and vice versa.
The proposed HPLC, D 1 and DD 1 methods were checked by the analysis of laboratory prepared mixtures of Bup-HCl and its alkaline degradates or related impurity in different ratios as presented in Table 3 . Bupropion hydrochloride could be determined in the presence of up to 90% of alkaline degradates or related impurity.
Method validation was performed according to ICH guidelines 26 for all the proposed methods. Table 2 shows results of accuracy, repeatability and intermediate precision of the methods.
The proposed methods were applied to the determination of Bup-HCl in commercial tablets. Five replicate determinations were made and satisfactory results were obtained in good agreement with the labeled claims (Table 4 ). Statistical comparison of the results was performed with regard to accuracy and precision using student's t-test and the F-ratio at 95% confidence level (Table 4 ). There is no significant difference between the proposed methods and the official one with regard to accuracy and precision.
The validity of the proposed methods was assessed by applying the standard addition technique, which showed accurate results and there is no interference from excipients as shown in Table 4 .
Statistical comparison of the results of analysis of bulk powder obtained by the proposed methods and the official HPLC method 25 was also done using student's t-test and the F-ratio at 95% confidence level (Table 5 ), it is clear that there is no significant difference between the proposed methods with regard to accuracy and precision.
Conclusion
The proposed HPLC and spectrophotometric methods provide simple, accurate and reproducible procedure for the determination of Bup-HCl in pharmaceutical formulations, without any interference from the excipients and in the presence of its alkaline degradates and related impurity. The chromatographic method was found to be more specific and selective than the spectrophotometric methods, while the spectrophotometric methods had the advantage of low cost, rapid and environmental protecting. The proposed methods were completely validated and can be used for the routine analysis of Bup-HCl in quality control laboratories, where economy and time are essential. Values of theoretical t and F values at P = 0.05. c Official HPLC method using C 8 (3.9 mm · 15 cm, 5 lm) column, mobile phase 0.025 M phosphate buffer, methanol, tetrahydrofuran (51:39:11 v/v), flow rate 1.1 mL min À1 and detection at 250 nm. The retention time of bupropion hydrochloride was at 27.4 min.
